In Kano and Katsina States of Nigeria, some promoted improved crop production practices had been tested since 2008 in a series of farmer-managed field trials in four Innovation Platforms (two each) in these States representing the Sudan Savannah (SS) ecological zone of Nigeria. The objective of this study was to determine the impact of improved crop production practices of Sudan Savannah Task Force on the income and technical efficiency of the farming households in Katsina State. The study used primary data collected in 2011 cropping season with the aid of questionnaires. A total of 300 households were interviewed in the State. The tools used for analysis of the data were the double difference estimator and the stochastic production function. The result showed that the adopters of the introduced technologies enjoyed an increment of 744.35% in income. All the coefficients of the inputs in the production function were positive and statistically significant. The mean technical efficiency for the adopters and non-adopters were 0.87 and 0.65 respectively. The study concluded that the introduced technologies enhanced the income and efficiency in crop production of the adopters.
INTRODUCTION
Manual farm operations imposed severe limits on farmers' capacity to increase their farm sizes and productivity: the manual system of farming was technically inefficient, labour intensive, and costly to sustain (Olayemi et al., 2004) . Although, the use of animal power for land cultivation had been adapted to a limited extent in the Savannah/Sahel belt of the country, its use in other areas was almost nonexistent for ecological and cultural reasons. It had been observed that mechanization of agriculture in the country has generally made little headway due to technical, ecological, and socioeconomic factors (Olayemi et al., 2004) . Temel et al. (2002) posited that the major outcome of the extensive consultations with numerous agricultural stakeholders in sub Saharan Africa established that the main impediment to the contribution of African agriculture to development lied in the way agricultural research was organized and conducted. The outcome led to the proposal of an alternative approach that aims to appropriately embed agricultural research within a larger system of innovation whereby knowledge from numerous sources were integrated and effectively put into use. One of the project aims was to evaluate the effectiveness of the Integrated Agricultural Research for Development (IAR4D) concept in its respective Agro-Ecological Zone (AEZ) by establishing Innovation Platform (IP) and conducting action research aimed at intensifying crop and livestock systems, improving access to markets and promoting sustainable management of the natural resource base. In pursuance of the goals of the project, a baseline survey was carried out in the Sudan Savannah zone in 2008 to provide baseline data on socio economics, resource use patterns, market opportunities, agricultural productivity and incidence of poverty in targeted project communities (Ayanwale et al., 2009) .
Impact evaluation assessed the changes that could be attributed to a particular intervention, such as project, programme or policy, both the intended ones, as well as ideally the unintended ones (World Bank, 2008) . In contrast to outcome monitoring, which examined whether targets had being achieved, impact evaluation was structured to answer the question: how would outcomes such as participants' wellbeing have changed if the intervention had not been undertaken? This involved counterfactual analysis that was "a comparison between what actually happened and what would had happened in the absence of the intervention (White, 2006) ."
Impact evaluation helped us to answer key questions for evidence-based policy making: what worked, what did not, where, why and for how much? It had received increasing attention in policy making in recent years in both western and developing countries' contexts (Gertler et al., 2011) . It was an important component of the armory of evaluation tools approaches and integral to global efforts to improve the effectiveness of aid delivery and public spending more generally in improving living standards. The literature about economic impacts of programme intervention emphasized the importance of establishing the appropriate counterfactual. As stated by Ravallion (1994) , "the essential problem of impact evaluation was that we did not observe the outcomes for participants if they had not participated." The appropriate counterfactual facilitated measurement of the correct causal relationship between the technology and the outcomes being measured, because other confounding factors might also have influenced the outcome (Ravallion, 1994; Baker, 2000; Doss, 2000) . Ravallion (1994) summarized and compared the five main methods available for evaluating programme impact. Using randomization, individuals were selected into treatment and comparison groups at random, so that the only measurement errors were associated with sampling. Sampling errors could be reduced through larger samples. In the matching approach, the comparison group was matched to the treatment group based on characteristics measured in data from a larger, representative sample survey. Propensity scores were tabulated to support the selection of individuals. Reflexive comparisons enabled the "before and after" to be estimated for key parameters using a baseline, which served as the comparison group. With the double difference method, the treatment and comparison group were compared both before and after the treatment. The fifth approach was the instrumental variables approach. Instrumental variables were those that mattered to participation, but not to the outcome. They enabled the identification of exogenous variation in outcomes that could be attributed to the programme. The Ugbabe et al. 45 participation variable was the decision to use new crop hybrids. The terms impact assessment or evaluations were often used interchangeably by many writers or authors, but the two were not the same. Impact referred to the broad, longterm economic, social and environmental effects resulting from project, while evaluation/assessment was judging, appraising or determining the worth, value or quality of project, in terms of its relevance, effectiveness, efficiency and impact (Impact Assessment and Evaluation Group, 1999) . Impact assessment was an established practice in public goods investment project and programmes such as infrastructure, health, education, transportation, and urban development.
According to Arega et al. (2006) , impact assessment of agricultural project was viewed as an important activity to ensure accountability, maintain credibility and improve internal decision-making processes together with the capability to learn from the past experience. Impact assessment was seen as a critical component of agricultural project that helped to define priorities of project and facilitated resource allocation among programmes, guided researchers and those involved in technology transfer to have a better understanding of the way new technologies were assimilated and diffused into farming communities, and showed evidence that clients benefit from the project products (Manyong et al., 2001) . Impact studies was of great importance in agricultural research because it was used to identify alternative technologies that would address the major production constraints while at the same time taking into consideration farmers preferences and farming condition (Arega et al., 2006) . Programme impacts referred to the set of results, such as changes in access to and quality of resources, changes in behaviour, or well -being that occurred at the beneficiary level and that could be directly attributed to programme activities and outputs.
Technical efficiency (TE) was the firm's ability to produce maximum output given a set of inputs and technology (Farrel, 1957) . Technical efficiency was just one component of overall economic efficiency. Profit maximization required a firm to produce the maximum output given the level of inputs employed (technical efficiency), used the right mix of inputs in light of the relative price of each input (input allocative efficiency), and produced the right mix of outputs given the set of prices (output allocative efficiency) (Kumbhaker and Lovell, 2000) . Generally, the gamma parameter γ = σu 2 / σv 2 lied between 0 and 1; with a value equal to 0 implying that technical inefficiency was not present and the ordinary least square estimation would be an adequate representation and a value close to 1 implying the frontier model appropriate (Piesse and Thirtle, 2000) .
The double difference estimator was used to determine the impact of improved crop production practices of SSTF on the income of the farming households in the study area while the stochastic production function was used to evaluate the impact of improved crop production practices of SSTF on the technical efficiency of the farming households. The double difference estimator was used for the impact analysis because there was enough baseline data. The project was on for over ten years. The authors made some brief references to other methods that could be used to achieve programme impacts to create the awareness of their availability to the readers. Although, there are different functional forms of stochastic frontier, the data was fitted to Cobb-Douglas and translog functional forms and the most preferred functional form was selected based on the result of generalized likelihood ratio test. The overall aim of this study was to determine the impact of improved crop production practices of the Sudan Savannah Task Force on the income and technical efficiency of the farming households in Katsina State, Nigeria, which the study achieved.
MATERIALS AND METHOD
The sampling design adopted for the study was multistage stratified random sampling. A two stage sampling design was followed; in the first stage, villages in the participating Local Government Areas for intervention and non-participating Local Government Areas (LGAs) for both conventional and clean LGAs were selected and then farmers sampled. A conventional LGA is a non-intervention/counterfactual LGA with some research and development activities by other organizations currently going on at the time of the study. Clean LGA is also a non-intervention/counterfactual LGA with no current research and development activities by other organizations going on at the time of the study. The non-participating LGAs served as counterfactuals to intervention LGAs. The sample was also stratified, at the first stage between villages where there were on-going platform activities and villages without platform activities. For each participating LGA the list of all the participating villages were made. The same was done for each nonparticipating LGAs. Five villages were selected from the list of participating (intervention) and non-participating (conventional and clean) LGAs randomly using a table of random numbers. In the second stage, the same procedures applied in the sampling of villages were also followed in selecting farmers' samples. From each of the sampled villages, lists of crop farmers were made with the assistance of Agricultural Development Project staff and then ten farmers selected using systematic random sampling method. Ten farmers were also selected using systematic random sampling method from the conventional and clean villages. The total sample size was 300 and consisted of adopters (137) 
Analytical Technique
The double difference estimator and the stochastic production function were used in the analysis of this project.
The double difference estimator
To use this model, information on both adopters of SSTF crop production practices and non-adopters were required for before and after programme intervention. The Verners model adapted for this study was specified in equation (1).
Where; ̅ 0 = average income (N)of the adopters before the intervention, ̅ 1 =average income (N) of the adopters after the intervention, ̅ 0 = average income (N) of the nonadopters before the intervention, ̅ 1 =average income (N) of the non-adopters after the intervention, = number of adopters, = number of non-adopters and DD = the difference between the average changes in the income for the adopters and non-adopters.
It was common to find difference in difference estimators presented in a table format, and for this study; the format was presented in (Table 2) .
T-test as was used to validate the Double Difference Analysis.
Where: = Standard error, ̅ 1 and ̅ 2 were sample means of the two groups, =Standard deviation for a group and =Sample size for a group.
Cobb-Douglass frontier production function
The production technology of the farmer was assumed to be specified by the Cobb-Douglass frontier production Note: A= Adopters, and NA = Non-Adopters. Table 2 . Double difference estimate of the impact of adoption of SSTF improved crop production practices on farmers' income. Where; Subscript i referred to the i th farmer in the sample, Ln Denoted the natural logarithm (base e), =Value of the output (Crop in Naira), × 1 =Farm size (ha), × 2 =Seed in grain equivalent (kg) because we had up to five crops (maize, sorghum, millet, cowpea, groundnut and soybean), × 3 =Labour (man-hour), × 4 =Fertilizer (kg), = Error term, which were assumed iid (independent and identically distributed) with mean zero and constant variance and independent of µi and = Non-negative random variable associated with technical inefficiency in production.
Pre Intervention Post Intervention Difference between periods
The technical inefficiency effects µ was defined by: Where: Z0, Z1, Z2, Z3, Z4, Z5 and Z6 represented, intercept, age, household size, years of experience in farming, educational level, extension contact and annual income respectively. These were included in the model to indicate their possible influence on the technical efficiencies of the farmers.
RESULTS AND DISCUSSION
The adopters of the crop production practices introduced by the SSTF enjoyed a very high increase of 744.35% in their income (from N235, 683 to N1, 990,000), resulting in a difference of income between the post intervention and pre intervention periods of N1, 754,317 which was significant at 1% (Table 3 ). The non-adopters had an increment of N284, 974 in their income within the same period of time and were not statistically significant. The project thus had positive impact on the income of the farming households in the study area.
T-test was employed to determine the impact of adopting SSTF recommended crop production practices on farmers' income. The pool data of the on-farm income was disaggregated into adopters and non-adopters for comparison. The result of the T-test (Table 4) indicated that there was significant difference between adopters and non-adopters in relation to income level at 1% level of probability. The Coefficient of variation (CV) in the income was calculated to investigate the level of variation in income. The CV of adopters and non-adopters were 1.47 and 0.42, respectively. This indicates that there exists less variation in income among the non-adopters than adopters (Table 4) . This might be due to small land area put into cultivation of these crops and the low output from production by these non-adopters, which might not be statistically significant.
Impact of Adoption of Recommended SSTF Crop Production Practices on Technical Efficiency of Farmers
The estimation of the Cobb-Douglas stochastic production function simultaneously with the technical inefficiency effects in Equation (3) (Coelli, 1996) generated the results shown in Table 5 . The value of γ =0.899 was statistically significant at the 1% level, which implies that about 90% of the residual grains production by the sampled farmers was due to the inefficiency effect. The sigma squared (σ 2 = σu 2 / σv 2 ) was also significant at 1% level of probability, indicating a good fit and the correctness of the specified half normal distributional assumption made on the efficiency error term. Automatically, the analysis generated result of the hypothesis that states that there was no any measurable inefficiency in grains production among the sampled farmers. The one-sided generalized likelihood ratio tests of γ = 0 generated a statistic of 39.67 distributed as χ 2 with eight degrees of freedom, which was statistically significant at 1% level, indicating that the average production function was not a suitable specification of grains production and technical efficiency effects were not random errors. Thus, there was some measurable inefficiency in grains production among the sampled farmers.
All the coefficients of the inputs in the production function were positive and statistically significant at the 1% level, implying direct relationship between each of the inputs and grains output. The production elasticities for all the inputs had the expected positive signs. This result implied that 1% increase in seed in grains equivalent, labour and fertilizer increased yield by 0.11%, 0.06% and 0.04% respectively. Among the three production inputs, seed had the highest impact on yield. This was due to the fact that yield was directly depended on the number of plants per hectare, and population of plants was directly related to the quantity of seed used. The estimated return to scale was 0.596, land inclusive, which implied a decreasing return to scale existed in grains production in the study area. Therefore, an increase in all production inputs by 1% increased grains yield by less than 1%, ceteris paribus.
The average technical efficiency for the sampled grains farmers in the study area was 0.801 (Table 5 ). This implied that on the average, the farmers were able to obtain over 80% of potential output from a given mix of production inputs. Thus, in a short run, there was a room for increasing grains production by about 20%, by adopting the technology and techniques used by the best farmers.
This section also reported on determinants of technical inefficiency estimated in the Table 5 . The inefficiency model was specified in equation (4). Generally, a negative sign on a parameter meant that the variable reduced technical inefficiency, while a positive sign increased technical inefficiency. The results on Table 5 showed that farming experience, extension visit and Ojo and Ajibefun (2000) . The years of schooling variable had a positive sign and statistically significant at 5% level of significance. This indicated that level of education attained reduced technical efficiency. This could probably be explained by the fact that high level of education reduces the desire for farming, therefore the farmers probably devoted much of their time on paid income employment instead. This was consistent with the findings of Ojo (2003) and Usman (2009) . Extension visit had a negative sign. This agreed with the a priori expectation that access to extension agents was positively correlated to adoption of improved technology and techniques of production which improved technical efficiency. This finding was consistent with the result of Usman (2009) , who found that extension visit increases technical efficiency in sesame production in Jigawa State.
Average annual income in Naira was found to be significant at 1% level of probability and negatively related to inefficiency. Higher income usually boosted farmers' purchasing powers to enable them acquire modern and improved technologies for their farm production. This will lead to increase in their technical efficiency.
Frequency distribution of technical efficiency scores
The frequency distribution of the technical efficiency estimates obtained from the stochastic frontier model for each farmer was disaggregated into adopters and nonadopters (Table 6 ). The minimum and maximum technical efficiency estimates for the adopters were 0.59 and 0.92, while those of non-adopters were 0.28, 0.83 respectively. The mean technical efficiency for the adopters and non-adopters were 0.87 and 0.65 respectively. This implied that the adopters were more technically efficient than the non-adopters. Only 13% of the potential yields were lost due to inefficiency in grains production by adopters while 35% of the potential yields were lost by non-adopters. In the short run, there was a scope for increasing grains production by 13% and 35% by adopters and non-adopters respectively by adopting technologies and techniques used by the best practice grains farms. Over 50% of the farms of the adopters operated at more than 85% efficiency level while none of the non-adopters' farms had TE that exceeded 85%.
Conclusion and recommendation
The study concludes that the introduced technologies enhanced the income of adopters by 744.35%. The adopters of the technologies were more technically efficient in crop production (with a mean technical efficiency of 87%) than the non-adopters (with a mean technical efficiency of 65%). It was recommended that strong linkages should be established between farmers and seed/fertilizer sources to improve their timely availability, and also government should construct good access roads that will ease the transportation of crop outputs to major markets in the study areas. This is to address the farmers' main problems of timely availability and affordability of major crop production inputs like hybrid seeds, inorganic fertilizers and agrochemicals. Good access roads enhance the market value of crops produced by the farmers.
